Background: This study analyzed the effects of a 12-week resistance training (RT) program without dietary interventions on metabolic syndrome (MetS) components and inflammatory biomarkers in older women. Methods: Fifty-three older women (mean [AESD] age 70.4 AE 5.7 years; mean body mass index 26.7 AE 4.0 kg/m 2 ) were randomly assigned to a training group (TG; n = 26) that performed 12 weeks of an RT program or a control group (CG; n = 27) that did not perform any type of physical exercise over the same period. Body composition (dual energy X-ray absorptiometry), muscular strength (one-repetition maximum tests), blood pressure (BP), and blood sample measurements were performed before and after intervention. Results: After the 12-week period, there were significantly reductions (P < 0.05) in glucose levels (−20.4% vs −0.3%), waist circumference (−1.5% vs +2.0%), and systolic BP (−6.2% vs +0.9%), and complete normalization of MetS prevalence (18% at baseline vs. 0% after 12-weeks RT) in the TG. Moreover, C-reactive protein and tumor necrosis factor-α concentrations decreased in the TG (−28.6% and −21.6%, respectively), but increased in the CG (+34.5% and +13.3%, respectively). In addition there were positive improvements in the MetS Z-score in the TG but not CG (−21.6% vs +13.3%, respectively).
Introduction
Metabolic syndrome (MetS) is a multicomponent disorder characterized by hypertriglyceridemia, low high-density lipoprotein cholesterol (HDL-C), hyperglycemia, and abdominal obesity, and closely linked to low-grade inflammation, cardiovascular disease (CVD), and type 2 diabetes mellitus (T2DM). 1 The synergistic effects of the simultaneous presence of these metabolic and body composition conditions, with effects on morbidity and mortality, are more prevalent in older adults. 2 Increases in abdominal and visceral fat are related to aging, a process that is accompanied by an increasing prevalence of MetS, observed especially after menopause in women, 3 who undergo significant adverse phenotypic changes in body composition. 4 Increased visceral fat can trigger an increase in inflammatory biomarkers such as interleukin (IL)-6, tumor necrosis factor (TNF)-α, and C-reactive protein (CRP), 5 characterizing chronic low-grade inflammation, which exhibits a close relationship with MetS 5 and is included as one of the factors of MetS. 6 Physical exercise has been recommended for the prevention and treatment of MetS and low-grade inflammation. 7, 8 Aerobic training has been found to decrease body fat and to improve cardiometabolic profile. 9, 10 A recent systematic review with meta-analysis of randomized controlled trials showed that exercise training improves biomarkers of cardiometabolic health. 9 However, information regarding the effects of resistance training (RT) on the reduction of risk factors and MetS-related phenotypes, particularly in older women, is controversial information. 11 Ribeiro et al. 12 reported that RT improves the metabolic profile in older women. Conversely, Lemes et al. 13 reported that RT can help reduce systolic blood pressure (SBP) in patients with MetS, but has no effect on other metabolic parameters, such as glucose, HDL-C, and triglyceride concentrations. Therefore, some studies support RT as an effective strategy to improve all MetS risk factors, 14, 15 whereas others do not observe changes in MetS risk factors with RT. 16 Similarly, controversial data exist showing beneficial 17 or no effects of RT on inflammatory biomarkers in older adults, 18 indicating the need for more studies.
Considering that, in addition increasing muscular strength, RT may promote changes in body composition (e.g. increasing muscle mass and decreasing body fat, factors that are related to inflammation and cardiometabolic risk) and there is an inverse association between muscular fitness and strength and the incidence of MetS, 19, 20 it is reasonable to hypothesize that RT can be a potential tool to improve these parameters.
Thus, aims of the present study were to: (i) analyze the effects of an RT program on body composition, risk factors for MetS, and selected inflammatory biomarkers, without dietary interventions, in older adult women; and (ii) investigate whether RT-induced adaptations of body composition and inflammatory biomarkers are related to healthy adaptations in risk factors for MetS.
Methods

Participants
The present study is part of the Active Aging Project, a longitudinal cohort study designed to examine the role of RT on older women's health. All participants completed a health history and met the following inclusion criteria: age ≥ 60 years, physically independent, free from cardiac or orthopedic dysfunction, not receiving hormone-replacement therapy and/or thyroid therapy, not using equipment that would prevent the accomplishment of protocols and tests, and not performing any regular physical exercise more than once a week in the 6 months prior to the beginning of the investigation. Participants passed a diagnostic graded exercise stress test with a 12-lead electrocardiogram, reviewed by a cardiologist, and were released with no restrictions for participation in the present study. Written informed consent was obtained from all participants after they had been provided with a detailed description of the study procedures.
Sample size was estimated using G*Power version 3.0.10 (Universitat Kiel, Kiel, Germany). Data from previous studies from our laboratory, 12, 15, 21 in which RT was the exercise intervention model and effects on lipid profile, glucose, and blood pressure (BP) were determined, were used for the sample size estimation. We based the calculation on an effect size of 0.30, an α level of 0.05, and a power (1 -β) of 0.95. The sample size estimation indicated that it would be necessary to include at least 40 volunteers (20 subjects per group). A blinded researcher was responsible for generating random numbers using RANDOM.ORG (https://www. random.org, accessed March 2015) for participant allocation. Following a simple randomization procedure (computer-generated random numbers), participants were randomly assigned to one of two treatment groups: a training group (TG) or a control group (CG).
Volunteers who failed the medical examination for any reason, refused or were unable to provide informed consent, and subjects with T2DM (confirmed diagnostic or fasting blood sugar levels >126 mg/dL) were excluded from the study. This investigation was conducted according to the Declaration of Helsinki and was approved by the University Ethics Committee of Londrina State University. In addition, the study has been registered with Clinicaltrials.gov (ID: NCT02918448).
Experimental design
This study was performed over a period of 18 weeks. Measurements and evaluations (anthropometry, onerepetition maximum tests (1RM), body composition, BP, dietary intake and blood sample measurements) were made in Weeks 1-3 and 16-18. The supervised progressive RT program was performed between Week 4 and Week 15 by subjects in the TG. Subjects in the CG did not perform any type of physical exercise during this period.
Body composition
Whole-body dual-energy X-ray absorptiometry (DXA) examinations (Lunar Prodigy, model NRL 41990; GE Lunar, Madison, WI, USA) was used to determine total body fat, central (android fat) and lower limb fat, as well as for appendicular lean soft tissue determination, as described previously. 15 Total skeletal muscle mass (SMM) was estimated by the predictive equation proposed by Kim et al. 22 Previous test-retest scans of 10 older women measured 24-48 h apart resulted in a standard error of measurement of 0.29 kg for SMM, 0.23 kg for body fat, 0.13 kg for lower limb fat, and 0.09 kg for central fat, with an intraclass correlation coefficient (ICC) >0.99 for all variables analyzed. In addition, body mass and height were measured using standard procedures, 15 and body mass index (BMI) was calculated.
Room temperature was maintained constant at [19] [20] [21] [22] [23] C for body composition measurements. To ensure that participants were in a neutral hydration state, combined information regarding the women's post-voiding first-morning body weight prior to the body composition measurement and observation of urine color were used, as proposed by Casa et al. 23 
Muscular strength
Maximal dynamic strength was evaluated using the 1RM tests in the chest press (CP), knee extension (KE), and preacher curl (PC) exercises, performed in this order. The test was performed as described previously. 15 The techniques to perform the exercises were standardized and monitored continuously to ensure reliability (ICC ≥ 0.96). Total strength was determined by the sum of the three exercises.
Dietary intake
Dietary information was obtained for all participants by recording food intake on three non-consecutive days (two week days and one weekend day) before and after the intervention, as described previously. 12 All participants were asked to maintain their normal diet throughout the investigation period.
Components of MetS
Venous blood samples were collected (after a 12-h fast) from all older women on the same day, 72 h after the final physical exercise session, as described previously, 15 for determination of glucose, HDL-C, and triglyceride concentrations. In addition, homeostatic model assessment of insulin resistance (HOMA-IR) was calculated as described in the literature. 24 Subsequently, several BP measurements were performed at 1-min intervals in order to obtain three consecutive measurements for which the differences in systolic BP (SBP) and diastolic BP (DBP) did not differ by more than 4 mmHg. The average of the three measurements for each day was averaged across the three visits. This procedure produced very high intersession reliability for SBP (ICC = 0.991) and DBP (ICC = 0.987), with a low standard error of measurement for both SBP (1.33 mmHg) and DBP (1.11 mmHg). Mean arterial pressure (MAP) was calculated using the formula MAP = DBP + 1 /3 (SBP -DBP). Metabolic syndrome was defined following the Adult Treatment Panel III. 25 The MetS Z-score was also used in the present investigation as a continuous score of the five MetS variables, in agreement with the Adult Treatment Panel III criteria. 25 A Z-score was calculated for each variable using individual data, as well as standard deviations of data for the entire group. The equation used to calculate the MetS Z-score was described by Conceição et al. 14 
Inflammatory biomarkers
Levels of inflammatory biomarkers, namely highsensitivity CRP, TNF-α, and IL-6, were measured as described previously, 15 with results are presented in milligram per liter for CRP and in picogram per milliliter for TNF-α and IL-6. All samples were determined in duplicate to guarantee the precision of the results. The inter-and intra-assay coefficients of variation were <10%.
Resistance training
The RT training program was performed three times per week on Mondays, Wednesdays, and Fridays, with three sets of 10-15 RM, 1-to 2-min rest intervals between sets, and 2-3 min between each exercise, following the recommendations for older people. 8 Participants performed the following exercises: CP, seated row, triceps pushdown, PC, horizontal leg press, KE, knee curl, and seated calf raise. All participants were individually supervised by physical education professionals experienced with RT. Instructors adjusted the loads of each exercise, weekly, according using the procedures described in the literature, 26 in order to ensure that the subjects were exercising with as much resistance as possible while maintaining a proper exercise technique.
Statistical analyses
Categorical variables are described using frequency distributions and are presented as frequencies (%), with comparisons between CG and TG made using Chisquared tests. General characteristics in the CG and TG were compared using Student's independent t-test. Twoway analysis of covariance (ANCOVA) for repeated measures was used for comparisons with baseline scores used as covariates, followed by Bonferroni's post hoc test to identify mean differences. Effect size (ES) was calculated as the post-training mean minus the pretraining mean divided by pooled standard deviation for pre-and post-training. 27 Spearman's correlation was used to test correlations between Δ% changes between variables. Significance was accepted at two-tailed P < 0.05. Data analyses were performed by a blinded evaluator. Where appropriate, data are given as the mean AE SD.
Results
Seventy-four older women volunteered to participate in the present study. After individual interviews, 53 older women were selected for inclusion (21 were excluded because they did not meet the inclusion criteria) and randomly divided into one of two groups: TG, which performed the RT program (n = 26); and CG, which did not perform any type of physical exercise (n = 27). After the RT program, 48 participants completed the experiment, but three women with T2DM (confirmed diagnostic or fasting blood sugar levels >126 mg/dL) were excluded from the analysis (TG, n = 2; CG, n = 1). The final sample comprised 45 women, 22 in the TG (mean age 71.4 AE 6.2 years, mean weight 64.7 AE 7.1 kg, mean height 155.0 AE 6.2 cm) and 23 in the CG (mean age 68.9 AE 4.6 years, mean weight 66.2 AE 11.5 kg, mean height 156.5 AE 5.7 cm). Adherence to the RT program was satisfactory (≥85% of total sessions). Figure 1 presents a schematic representation of participant recruitment and allocation in the present study. Table 1 lists the physical characteristics and clinical conditions of the sample at baseline; both groups were homogeneous for all variables analyzed (P > 0.05). Medication treatment remained unchanged throughout the study period.
After a 12-week RT program, subjects in the TG had significantly higher (P < 0.05) SMM and total strength, and lower total body fat, central and lower limb fat compared with the CG (Table 2 ). There was no significant difference (P > 0.05) between the two groups in terms of food energy, macronutrients, and sodium intake during the intervention period (Table 2) .
Continuous variables for MetS components and inflammatory biomarkers according to intervention group (TG or CG) before and after intervention are given in Table 3 . The analyses indicated that the primary intervention-induced changes were decreased plasma glucose, waist circumference (WC), and SBP (P < 0.05) in the TG, and increased WC and SBP in the CG. In addition, subjects in the TG exhibit decreasing HOMA-IR, CRP, and TNF-α values, in addition to positive improvements in the MetS Z-score (Table 3) .
Categorical variable analysis showed that the RT intervention significantly reduced the prevalence of MetS. At baseline, MetS was present in 18% and 13% of subjects in the TG and CG, respectively. After the RT intervention, MetS prevalence decreased to 0% in the TG and increased to 26% in the CG (P < 0.05).
From the perspective of explaining the modifications, correlation analyses showed that among the MetS components, there was a significant (P < 0.05) relationship between the inflammatory markers and glucose (TNF-α and CRP), HDL-C (TNF-α), WC (TNF-α and CRP), and SBP (CRP). There was no relationship between triglycerides and any of the inflammatory markers, whereas the MetS Z-score was negatively related to CRP (Table 4) . Changes in SMM were negatively associated with glucose (r = −0.60), whereas body fat was positively correlated with glucose (r = 0.54) and negatively correlated with the MetS Z-score (r = −0.36). There was a positive association between WC and both TNF-α (r = 0.46) and CRP (r = 0.38; Table 4 ).
Discussion
The main findings of the present study were that 12 weeks of an RT program promoted improvements in body composition, risk factors for MetS, and inflammatory biomarkers, in addition to complete normalization of the MetS phenotype in the TG, without dietary interventions. Thus, our initial hypothesis was confirmed, and the findings of the present study further support the contention that RT should be a priority for exercise prescription to tackle unhealthy morphological and metabolic aging-related changes.
At baseline, the behavioral risk factors for MetS were homogeneous between the two groups based on medical and nutritional records. The RT program was effective in increasing SMM and muscular strength by 6.1% and 14%, respectively, confirming previous studies of the effectiveness of this type of training in this population. 12, 15, 28 However, a fact worth noting is that in the present study the prevalence of MetS in the TG (which was 18% at baseline) was 0% after the intervention, Data are given as the mean AE SD or as percentages. ACE, angiotensin-converting enzyme; ARBs, angiotensin receptor blockers. *Data were evaluated using Student's independent t-test. † Data were evaluated using the Chi-squared text. Data are presented as the mean AE SD. *P < 0.05 compared with before the intervention. † P < 0.05 compared with the control group. ES, effect size. Data are presented as the mean AE SD. *P < 0.05 compared with before the intervention. † P < 0.05 compared with the control group. CRP, C-reactive protein; DBP, diastolic blood pressure; ES, effect size; HDL-C, high-density lipoprotein cholesterol; HOMA-IR, homeostasis model assessment of insulin resistance; IL-6, interleukin-6; MetS, metabolic syndrome; SBP, systolic blood pressure; TNF-α, tumor necrosis factor-α.
whereas it doubled in the CG (from 13% to 26%). In the published literature, the effectiveness of RT in reducing the prevalence of MetS remains contentious. For example, Mecca et al. 29 found a 24% reduction in the incidence of MetS from baseline to postintervention in adults undergoing the Lifestyle Changing Program (LCP), which involved RT. However, others studies have reported no effect of RT on the prevalence of MetS. 16, 30 Usually endurance training is chosen to treat MetS and very few papers refer to RT. Thus, although RT may induce a 34% lower chance of developing MetS, 20 there is a lack of randomized trials evaluating MetS and RT. 13 In this sense, in the present randomized control trial we showed an improvement in some risk factors for MetS (glucose, WC, and SBP), including the MetS Z-score, which is in agreement with the findings of Conceição et al.
14 who also reported improvements in the MetS Z-score in postmenopausal women who were moderately overweight (percentage body fat~36%) after 16 weeks training, as well as those of Oliveira et al. 24 who also reported a decrease in WC and glucose in a study with a sample comprising only women with a similar body composition to those included in the present study. However, Bateman et al. 16 observed no changes in MetS Z-scores after an RT program similar to that reported herein. Nevertheless, although the sample was comprised of overweight or moderately obese individuals, Bateman et al. 16 used other cut-off values for MetS Z-score calculations, a mixed sample, with young and old (age range 18-70 years) subjects of both sexes, and did not have a control group, which limits comparisons between their study and the present study to a certain extent and could explain the differences in the results.
Although it is not possible to establish the exact mechanism responsible for the modifications observed herein, we can speculate that the reduction in the prevalence of MetS and its components in older women observed in the present study is possibly related to the improvement in insulin sensitivity, promoted both by the decrease in inflammatory markers and the gain in SMM and the decrease in body fat, after the RT protocol, as indicated by correlation analyses (Table 4) . Moreover, as demonstrated in our analyses, HOMA-IR, an indicator of insulin resistance, improved significantly only in the TG (decrease~20%), which reinforces that these modifications may be related. However, this hypothesis will need to be tested in future studies.
Notwithstanding, the improvement in insulin resistance may also be related to the decrease in TNF-α, because studies have shown that increased levels of free fatty acids (FFA) are related to increases in TNF-α expression 31 and that reductions in FFA decrease TNF-α expression 32 and consequently the resistance to insulin. In addition, it is known that muscle contraction releases a large amount of IL-6, which, in this case, has anti-inflammatory properties and stimulates the production of anti-inflammatory cytokines such as IL-1 receptor antagonist and IL-10, in addition to suppressing TNF-α, and thereby TNF-α-induced insulin resistance. 33, 34 Therefore, together, these observations support the notion that a decrease in TNF-α concentrations in the present study may have also resulted in improved glucose homeostasis. In fact, correlation analyses reinforced that these modifications may be related (see Table 4 ).
Resistance training has been recognized as less effective in reducing body adiposity than endurance training; 35 however, other studies have shown positive Significant correlations are bolded. CRP, C-reactive protein; DBP, diastolic blood pressure; HDL-C, high-density lipoprotein cholesterol; IL-6, interleukin-6; MetS, metabolic syndrome; SBP, systolic blood pressure; SMM, skeletal muscle mass; TNF-α, tumor necrosis factor-α; WC, waist circumference.
effects of RT on body fat. 15, 36 This adaptation appears to be related to the energy cost of the sessions. 37 In fact, in older adults, basal metabolic rate (BMR) is higher after RT, 38 and this seems to be affected not only by the increase in SMM, but also by the acute increase in sympathetic activity after this type of exercise and the increase in protein synthesis, which contribute to higher energy expenditure even 48 h after the end of the exercise session. 38 Furthermore, it has been observed that the increase in BMR is accompanied by a decrease in the respiratory exchange ratio, demonstrating that this type of exercise can lead to increased lipid oxidation after RT. 37 The results of the present study also showed that RT effectively induced a decrease in proinflammatory biomarkers, such as TNF-α and CRP, which may also have contributed to the decrease in MetS risk factors and the prevalence of MetS in the TG, given that evidence has demonstrated a close relationship between MetS, visceral obesity, and chronic low-grade inflammation. 6 Recently, several groups have studied the cytokine response to physical exercise, with contradictory data being reported. For example, Prestes et al. 39 analyzed the effects of 16 weeks of RT on inflammatory markers in postmenopausal women and found no changes in TNF-α, although reductions in IL-6 levels from baseline were observed. In another study, Onamblé-Pearson et al. 40 reported an approximate 16% reduction in TNF-α without changes in IL-6 in older adult women after 12 weeks of RT. Moreover, other studies did not find responses of inflammatory markers to training, 18, 41 which differs from the findings of the present study. The reasons for these contradictory results are not readily apparent, but they may be related to some factors such as the amount of muscle mass involved in the contractile activity, 42 differences in training methodologies, because myokines are more sensitive to exercise intensity, 42 and baseline scores of the participants. For example, studies comparing different exercise intensities showed that the response to the RT program may differ between low and high intensity exercise. 40 Thus, comparisons between studies should be made with caution.
It is not clear how RT affects specific inflammatory activity. However, several possibilities may be considered, such as changes in body composition, decreased body fat, and increased SMM, 43 because the antiinflammatory effects of regular exercise may be due to the release of myokines through muscle contractions that trigger an anti-inflammatory response and may suppress systemic low-grade inflammation. 7, 44 The MetS Z-score was inversely related to plasma glucose and CRP, and glucose variations were positively affected by SMM and muscular strength gains but negatively affected by body fat. Waist circumference tends to be associated with TNF-α, which is considered a strong inducer of insulin resistance. 45 It is of note that RT led to a decrease in TNF-α regardless of variations in WC. Previous studies have shown a reduction in inflammation with no changes in WC, suggesting that exercise can reduce inflammation by mechanisms other than just improvements in abdominal obesity. 28 One of the physical exercise-dependent factors for insulin sensitivity is downregulation of TNF-α mRNA expression by IL-6 secreted during chronic exercise. 46 Finally, we observed improvements in SMM and muscular strength, glucose metabolism and inflammatory markers in the present study without detecting any variations in the dietary habits of the participants. This suggests that the macronutrient and energy intake during the progressive RT program were adequate to support adaptations to RT.
The present study has some limitations. It was not possible to objectively monitor (free-living) physical activity levels outside the intervention protocol, which could further explain the changes in body fat. However, subjects were asked to maintain their usual daily living activities throughout the investigation period to minimize any interference from lifestyle factors. Conversely, the present study is a randomized clinical trial with a control group, which strengthens the results presented.
In summary, 12 weeks of an RT program promoted improvements in body composition, risk factors for MetS and inflammatory biomarkers in older women, regardless of dietary intervention. The RT-induced changes in body composition and inflammatory biomarkers are related to healthy changes in risk factors for MetS.
